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By Sidney C. Huntley

SUWMMARY

Temperature surveys were made at the combustion-chamber oubtlets
of a British Rolls-Royce Nene II englne. The highest mean nozzle-
vane temperatures and mean gas temperatures were found to occur at a
radius approximately 75 percent of the nozzle-vane length from the
inner ring of the nozzle-vane assembly. Variations in englne aspeed,
Jet-nozzle area, simulated altitude, and simulated flight speed
altered the temperabure level bubt did not materially affect the
pattern of radial temperature distribution,

INTRODUCTION

The temperature dlistributlon at the combustlon-chamber outlets
of a turbojet engine may be considered as one criterion of combustion-
chamber performance, Inasmuch as nozzle vanes and turbine blades
are affected more by local gas ‘temperature than by average gas tem-
perature, the temperature distrlbution should be considered in the
combustion-chamber design. After the design parsmeteres have bsen
selected, the effect of operational variables on the temperature dis-
tributlon must be congldered. Data showing the effect of operational
variables on the temperature distribution obtained wlth the combustion
chamber operating as a component of the Britlsh Rolls-Royce Nene IT
turbojJet engine under simulated altitude conditions are presented
herein.

The altitude performance of the British Rolls-Royce Nene II
turbojet englne has been determined in an investigation conducted in
an altitude test chamber at the NACA Lewis laboratory (references 1
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to 3). During a part of the investigation, radial temperature sur-
veys were mede &t the combustion-chamber outlets of three combustion
chambers. These temperature surveys, together with surveys obtained
during & static sea-level investigation with three different size Jot
nozzles (18.75-in. diameter, 17.79-in, diameter, and 21,88-in. diam-
eter), are presented herein. The radial temperature distribution
along the leading edge of the nozzle vanes is presented for ranges
of engine speed and jet-nozzle dlameter for two altitudes and two
flight speeds, Redial distribution of gas temperature at the
combustion-chamber outlets, as measured by bare chromel-alumel
thermocouples, is also presented for the sea-level conditions.

INSTRUMENTATION AND PROCEDURE

The turbojet englne used 1n this investigation 1s rated at
5000 pounds thrust at static sea-level conditions at & rotor
speed of 12,300 rpm with an 18,75 =Ilnch-diameter Jet nozzle,
The engine was mounted on a sea-level pendulum-type test stand
(fig. 1) for a part of the investigation end in an altitude
chamber (fig. 2) for the Investigation at simulated-altitude
condltions. The engine, altltude chember, and genersl instru~
mentation are dsscribed in reference 1l.

Four chromel-alumel thermocouples were installed on the
leading edge of each of the nozzle vanes downstream of combustion
chembers 1 and 2. (See fig., 3 for numbering of combustion
chambers,) Figure 4(a) shows the location of these thermocouples.
The position of the nozzle venes with respect to the combustion-
chamber outlets 1ls shown in figure 4(b). The thermocouple leads
were brought to the oubter circumference of the nozzle ring through
passages drilled in the vanes in order to minimize interference
wlth the flow of gas between the vanes,

Gas temperatures at the combustion-chamber outlet were measured
by bare chromel-alumel thermocouples located 1n combustion chambers 2
and 3. Filve tempsrature-measuring rakes, radial with respect to the
axls of the engine, were located acroms each outlet, Xach reke con-
slsted of five thermocouples equally spaced, as shown 1n figure 4(a).
Figure 4(c) shows the circumferential location of the temperature-
measuring rakes. )

In addition to the temperature-measuring rekes in two of the
combustion-chamber outlets, single thermocouples of the bayonet type
woere installed at the center of each of the other seven outlets. The
thermocouples and the rakes are shown in figure 3.



8S2T

NACA RM ES0B10 3

The turbolet engine was operated at sea-level condliions with
three different Jet-nozzle sizes: (a) 18.75-inch diameter (design
area), (b) 17.79-inch dlameter (90-percent deslgn area), and

‘(c) 21,88~inch diameter (1l36-percent design area). The engine

speed was varied with each Jet nozzls from idling speed to a
speed limited by the attairment of maximum allowable tail-plpe
temperature, as specified by the manufacturer. Temperatures
were recordsd at each englne speed.

Because of limited facilitles, the gas-temperature rakes
wore removed prior to the simulated-altitude runs but temperatures
indicated by the nozzle~vane thermocouples were measured over a
range of englne speesds at a simulated altitude. of 30,000 feet
and ram-pressure ratios corresponding to flight speeds of O and
620 miles per hour. Imn all runs abt altitude, the 18,75-inch-
diemeter Jet nozzle and a minimum engine speed of 10,000 rrm were
used.

TEMPERATURE DISTRIBUTION

Gas temperature. - Typlcal data obtained from the rakes
mounted in the outlets of the two combustion chambers are
shown in figure 5. These data were recorded for a rotor speed
of approximately 12,300 rpm under sbatic sea-level condlitions
and with the 18,75-inch-dlameter Jet nozzle, The average values
for all recorded gaes temperatures In corbustion-chamber outlets
2 and 3 were 1446° and 1466° F respectively. The temperatures
at the centers of combustlon-chamber outlets 2 and 3 were

" 1460° and 1424° F, respectively, which are within 42° F of the

average temperature of ‘the respective outlets.

The variation in centrally measured outlet gas temperatures
over & range of engine speeds fram 4000 to 12,000 rpm with the
17.78-inch-diameter. jet nozzle at static sea-level conditions
is presented in filgure 6. An average curve 1is also shown in this
figure., The temperature distribubion from combustion chamber o
combustion chamber at the center point approached uniformity
above an engine speed of 10,000 rpm, showing less than 125° F
deviation from the average temperature. The date obteined at
engins speeds below 10,000 rom showed conslderable disparlty among
the temperatures indicated. This condition mey have been causged
by differences in fuel-alr ratio of the several combustlon chambers
at low engine speed.
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Nozzle vanes., - Typlcal nozzle-vans temperatures are presented ’
in figure 7 for condlitlons of design-speed static sea-level
operatlion with the design-area Jet nozzle. The general temperature
.patbtern for the nozzle venes downsitream of combustion chamber 2
(fig, 7(b)) is in agreement with the gas-temperature pattern
(fig, 5(a)). The temperaturee in the nozzle vanes downstream of
combustion ohamber 1 (fig. 7(a)) are not as uniform as those of 2.

1259

- The 'bhe_rmocouple read.ings at each rad.ius :E'or tne two combustion
charbers were averaged to obtain a mean radial pattern of temperature
digtribution for sach englne speed. The resulitlng radlsl temperature
distribution is shown in flgure 8 for the gas in the combustion~
chamber outlets and for the leading edges of the nozzle vanes.

Curves were made for operatlon at several engine speeds under
statlc sea-~level operation of the turboJet engline with the 18.75~inch-
dlameter Jet nozzle.

. The highest mean gas temperatures and mean nozzle-vane tempera-

tures occurred at a radlus approximately 75-percent of the norzle- .
vane length from the inmer ring of the nozzle-vens assembly (fig. 8).

The radiasl temperature gradients in the nozzle vanes were not as

great as those in the gas stream. Variation in engine speed from -
10,000 to 12, 300 rpm altered the temperature level but did not

materially afi‘ect the radial pattern of temperature distributlon.

Effect of change in Jet-nozzle area, - The variation In mean
temperature along ‘the radisl distance from the inmner to the outer
clrcumference of the nozzle rings for the nozzle vanes was selected
as representative of the effect of change in Jet-nozzle area on
temperature distribution. The patiern of temperature distribution
was unaffected by change in Jet-nozzle slze over the range of
engine speeds investigated (fig. 9). When the 21.88-inch-diameter
Jet nozzle was used, however, the locations of peak temperature
were not as clearly defined. Deta were not obtalned for an engine
speed of 10,500 rpm with the 136-percent design-area Jet nozzlse,

Effect of changes in gltltude and flight speed. - The varlation
in mean temperature along the leading edge of the nozzle vanes was
oexamined 4o determine the effect of change Iln altitude and flight
speed on temperature distribution. The patitern of temperature
distribution along the leading edge of the nozzle vanes is
ossentlally the same at an altitude of 30,000 feet as at sea-level
(fig. 10). A%t an altitude of 30,000 feet, the same pattern 1s noted
at a flight speed of 620 miles per hour as thet at O miles per hour.
The pattern of temperature distribution along the leading edge of the
nozzle vanes may therefore be considered independent of altitude and

flight speed. .
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SUMMARY OF RESULTS

An experimental Investigation of radlial temperature surveys
at the combustlion-chamber outlets and on the leading edges of the
nozzle vanes was made on & British Rolls-Royce Nene II turbojet
engine. The peak of the mean radial patierms of temperature
digtributlon of both the gas and the nozzle vanes occurred at a
radius approximately 75 percent of the nozZzle-vane length from
the inner ring of the nozzle-vane assesmbly.

Variations In engline speed, Jet-nozzle area, slmulated altitude,
and simulated flight speed albered the temperature level but dild
not materlally affect the radlal pettern of temperature
distribution.

Lewls Flight Propulsion Laboratory,
Natlonal Advisory Committee for Aeronautics,
Cleveland, Ohio,
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Figure 1. - Sketch of turbojet engine movmied on soa-level pendulum~type test stand.
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Figwre 2, - Altitvde chamber with mnglne instelled in test section,
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Figure 3. = Thermocouples installed in combustlon~chamber cutlets of turbojet englne.
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{a) Radisl location of thermocouples.
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Gombustion—ch!m‘ber outlet 2 L Gombustion-ch!m‘ber outlet 1
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{b) Position of nozzle vanes with respect to combustion-chamber outlets.

(c) CGircumferential locatlon of combustion-chsmber outlet thermocouple rakes.

Figure 4. - Location of thermocouples in combustion-chember outlets and on
. leading edge of nozzle vanes.
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Figure 5, -~ Gas~temperature dlstribution at combustion-chamber ocutlet., Engine speed, about

12,300 rpm; 18.75-inch-dlameter jet nozzle; static sea~level conditions.
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Figure 6. - Temperature of each combustion-chamber outlet az measured
¥ centrally located thermocouple at variopus engine gpeeds., 17.79-
inch-dlemeter jet nozzle; static sea-level conditions. Typlcal data
ghown for combustion chamber 6.
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Figurs 7. - Temperature distribution on leading edge of nozzle vanes. EHngine speed, about

12,300 rpm; 18.75-1nch-diameter jet nozzle; statlc ssa-level conditions,
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Pigure 8, - Temperature distribution in gas stream of combustion-chamber outlet and on leading
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edge of nozzle vanes at several engine speeds. 1B,75-lnch-dlameter Jet nozzle; statle sea=
level conditlons,
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Figure 9, - Effect of change In Jet-nozzle diameter on tempe'ratur'e distribution along leading
edges of nozzls vanes at several engine speeds. Static sea-level conditions.
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Figure 10. - Effesct of changss In mltitude and flight speed on temperature distributlon along
leading edge of mozzle vanes at several sngins speeds. 18.75-inch-dlameter Jet nozzle.
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